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[57] ABSTRACT 
Disclosed is a device for regulating motion of a drive 
component moving along or about a follower axis in 
response to linear motion of a master drive driven along 
or about ai‘guiding axis x. The device includes two sen 
sors for sensing the actual displacement along or about 
the two axes to produce two pairs of phase-shifted tim 
ing signals de?ning the actual displacements about re 
spective axes‘, The timing signals are applied to a regu 
lating difference generator which includes a forward 
/backward counter whose output delivers the regulat 
ing difference signal. The output of the counter is cou 
pled to the follower drive. A desired displacement sig 
nal for the guiding axis is directly applied to the master 
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DEVICE FOR REGULATING LINEAR MOTION 

BACKGROUND OF THE INVENTION 

The invention relates to a device for regulating linear 
motion of a driven component part, particularly of a 
driven part of a machine tool, along at least two corre 
lated paths corresponding to axes x and y, whereby the 
motion along respective axes is performed by separate 
drive units. The term “component part” in this context 
is meant in quite a general sense, that is, the component 
part can be for example an exactly guided tool such as 
a milling cutter or a grinding disk or an accurately 
guided part of a measuring instrument. Also, the term 
“axes” is to be interpreted in its broadest meaning, 
which may denote both physical rotary axles arranged 
at an angle one to another as well as orthogonal-coordi 
nate axes or axes correlated at another angle, along 
which a linear function of the component part is gener 
ated. 

In control technology a frequently occurring prob 
lem is how to perform a linear function 

Sy=M-Sx (Equation 1) 

along the axes x and y. In this equation it is assumed that 
the x-axis is the master or leading axis and the y-axis is 
the follower axis. In Equation l, 8,; denotes the track 
predetermined by the master axis x and M is a real con 
stant which is predetermined by the displacement pro 
cess to be made. The path along the y-axis is to be regu 
lated in position in such a manner that the Equation 1 is 
always ful?lled. 

In practice, several proposals have already been 
made in order to realize such a linear motion regulation 
by means of regulating circuits. Such prior-art propos 
als, however, require very high expenditures for the 
actual regulating circuit, whereby the regulating pro 
cess itself is inaccurate and too slow for practical use. 

SUMMARY OF THE INVENTION 

It is therefore a general object of the present inven 
tion to overcome the above mentioned disadvantages. 
More particularly, it is an object of the invention to 

provide an improved device for regulating linear mo 
tions of the aforedescribed kind which enables to 
achieve a high precision of the regulating process. 
Another object of this invention is to provide such an 

improved device which requires less circuit units and is 
less expensive to manufacture. 

In keeping with these objects and others which will 
become apparent hereafter, one feature of the invention 
resides, in a device of the aforedescribed kind, in a com 
bination which comprises at least two drive units for 
displacing the component part along respective x- and 
y-axes, one of the drives being a master drive and the 
other a follower drive, mechanically coupled sensors 
for generating timing signals corresponding to the ac 

20 

25 

30 

35 

45 

55 

tual displacement of respective drive units, a counter A 
coupled to the actual displacement sensors to determine 
from the timing signals a regulating difference signalv 
from which a proper sign is determined, a position regu 
lator connected between the counter and the drive units 
to regulate the follower drives in response to move 
ments of the master drive. > 

The substantial advantage of this invention resides in 
the fact that the regulating difference and its correct 
sign are determined by means of a counter and a rela 
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2 
tively simple hardware, so that the regulating difference 
can be directly applied to the drive on the guided axis. 
The novel features which are considered characteris 

tic for the invention are set forth in particular in the 
appended claims. The invention itself, however, both as 
to its construction and its method of operation, together 
with additional objects and advantages thereof, will be 
best understood from the following description of spe 
ci?c embodiments when read in connection with the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block circuit diagram of the device of this 
invention generating a regulating difference value; 
FIG. 2 is a time plot of two phase-shifted timing 

signals generated by the actual displacement sensors 
and a time plot of forward and backward signals de 
rived from the timing signals; 
FIG. 3 is a block diagram of an exemplary application 

of the device of this invention; and 
FIG. 4 is another embodiment of the device of this 

invention for regulating the linear movements of a com 
ponent part along a plurality of axes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It is essential for this invention to determine the regu 
lating difference 

xdy=M-Sx—~Sy (Equation 2) 

The determined regulating difference is directly ap 
plied to a digital position regulator or via a D/A-con 
verter to an analog position regulator for regulating the 
linear movement along the follower y-axis, as it will be 
explained in detail below in connection with FIGS. 1 
and 3. The circuit for determining the regulating differ 
ence is assembled exclusively of electronic digital mod 
ules constructed by TTL and CMOS technology. , 

Referring to FIG. 1, two timing pulses Ax, Bx and Ay, 
By are applied to corresponding inputs of digital recov 
ering circuits 1 and 2. The shape of the timing pulses A 
and B is illustrated in the time plot of FIG. 2. The two 
phase-shifted timing pulses are delivered for example by 
incremental actual displacement sensors which are me 
chanically coupled to the tracks or axes x and y. Speci? 
cally, an incremental actual displacement sensor is as 
signed to the x-axis and the other sensor to the y-axis. 
Each pair of phase-shifted timing pulses Ax, Bx and Ay, 
By is subjected to a digital recovery in the circuits 1 and 
2. The restoration or recovery in the modules 1 and 2 is 
made by a shift register and corresponding auxiliary 
logic circuits, so that the recovery time is determined by 
the length of the shift regsister and by the timing of the 
shifting operations. The modules for performing these 
functions are integrated circuits of known construction. 
The purpose of these integrating circuits is to eliminate 
interfering impulses whose duration is smaller than the 
recovery time. The recovery time also determines the 
minimum time period between two ?anks of the output 
pulses at the units 1 and 2. 
The outputs of the units 1 and 2 are connected to 

corresponding inputs of a device 3 for switching over 
fast/slow timing pulses. Corresponding outputs of de 
vice 3 are connected to units 4 and 5. The unit 4 serves 
for generation of fast leading and trailing pulses, 
whereas the unit 5 serves for the generation of slow 
leading and trailing timing pulses for the guided or 
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follower track. When the desired timing pulse ratio Mp1 
between the follower and master axes is greater than 1, 
then the leading and trailing timing pulses are applied 
by the switching device 3 to the unit 5 for generating 
slow leading and trailing pulses, whereas when the ratio 
is less than 1, the timing pulses are switched over to the 
unit 4 for generating fast leading and trailing pulses. The 
switchover from fast to slow leading pulses is con 
trolled by a control signal applied to the device 3 via 
conduit 14. The output signal from the switch-over 
device 3 is applied to the units 4 and 5 via conduits AS, 
BS and A1, B1. 

Units 4 and 5 contain monostable multivibrators 
which produce, in dependence upon the rising or falling 
flanks of the restored two-phase timing signals, the 
leading timing signals V5, V1 and trailing timing signals 
RS, R1. The shape of the leading and trailing timing 
pulses V, R is also illustrated in FIG. 2. 
The slow leading and trailing timing pulses V1, R1 

from the output of unit 5 are applied directly to a 
switching module 8, which switches over leading or 
trailing timing pulses. It will be seen from FIG. 1 that 
the fast timing pulses Vs, Rs are also applied to the 
switchover module 8 via programmable dividers 6 and 

. 7. Conduits 15, leading to control inputs of modules 4 
and 5 for generating fast and slow leading and trailing 
pulses, feed blocking pulses to respective modules 4 and 
5 so that, in dependence on the presence or absence of 
a signal in the conduit 15, the generation of the fast or 
slow leading and trailing pulses Vs, R, or V1, R1 is either 
released or suppressed. 

The programmable dividers 6, 7 include cascaded 
digital modules, preferably BCD~ or binary dividers. A 
time multiplier signal Mp is connected via conduit 17 to 
respective programmable dividers 6 and 7. The number 
of digits of the applied pulse multiplier signal Mp is 

' determined by the required accuracy and determines in 
turn the number of cascaded modules. The pulse multi 
x'plying signal Mp must be transferred in total. The sign 

‘ must be applied separately from the switchover of tim 
ing pulses Vfl , Rfl . The time pulse multiplier signal 
M1, is always less than or equal to 1. It is dimensioned 
such that the aforementioned Equation 1 converts into 
the following Equations 3 or 4, depending on the sign of 
the pulse multiplier signal. 

[Mpz-zPVy] - [Mpz-zPRy] = :(ZPVX-ZPRx) (Equation 4) 

wherein 
ZPVx,y=the sum of all leading pulses for the x- or y 

axis 
ZPRx,y=the sum of all trailing pulses for the x- or y-axis 
Mp1=the pulse multiplier following/leading=desired 

timing pulse ratio between follower/master axis (in 
total) 

[m]=the largest integer ém, or the smallest integer 
Em, where m is an arbitrary real number which is 
valid for both values and depends on the preset pulse 
multiplier signal Mp and the sum of timing pulses 
applied in the two programmable dividers. The divid 
ers also perform the rounding off of the digits. 
The above equation 3 is realized when the master axis 

is the faster one. Equation 4 is realized when the fol 
lower axis is the faster one. According to the actual 
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case, the pulse multiplier signal applied to the program 
mable dividers is Mp=Mp1 or =Mp2. 
At the output of the programmable dividers, the lead 

ing and trailing pulses VSM and RSM are delivered. The 
following equations are valid: 

2PVSM=[Mp'ZPVsl (Equation 5) 

2PR5M=[Mp-2PRS] (Equation 6) 

wherein 
2PA=the sum of all pulses of the timing signal A 
[m]*=the greater integer ém, or the smallest integer 

Which of the two values is applicable depends on the 
preset Mp and on the sum of impulses applied in the 
two dividers. The dividers make a corresponding 
rounding off. 

A data selector cooperates with the module 8 for 
switching over leading/follower timing pulses. The 
data selector is controlled by control signals from con 
duit 14, which is also applied to the fast/slow switching 
module 3. The switchover is carried out such that the 
timing pulses VSM, RSM from the output of the pro 
grammable dividers 6, 7 and the pulses V], R] from the 
output of the module 5 cause the timing pulses of the 
leading axes to reach the outputs Vf, Rfand the timing 
pulses of the follower axes to reach the outputs Vg, Rg 
of the module 8. The subscript f means leading, and the 
subscript g means guided. 
The outputs Vf, Rfare connected to a module 10 for 

desynchronizing and generating leading pulses, and the 
outputs Vg, R3 are connected to a further module 11 for 
desynchronizing and generating follower pulses. The 
modules 10 and 11 include D-flip-?ops triggered by 
flanks of the phase-shifted clock pulses T1, T2 from a 
clock pulse generator 9. In this manner, it is achieved 
that the alternation of ?anks at the outputs of the ?ip 
?ops, which are assigned to different axes, do not occur 
simultaneously. A simultaneous changeover of the 
?anks at the D-?ip-?ops pertaining to one axis is pre 
vented by the digital recovery process. 
For the actual operation, the following conditions 

must be maintained: The duration of a period of a recov 
ery cycle must be less than 5',- of the period of the incom 
ing two-phase timing pulses at their maximum fre 
quency. The recovery time must be less than % of the 
period of the two-phase timing pulses at their maximum 
frequency. The duration of timing pulses Vf, Rfand V1, 
R1 must be less than or equal to the minimum recovery 
time. The duration of the period of the clock pulses T1, 
T2 must be less than the duration of the timing pulses Vf, 
Rfand V1, R1. The duration of the subsequently gener 
ated pulses Vfl , Rfl and Vg ,L , Rg 1, must be less than 
the minimum time between the triggering ?anks of 
clock signals T1 and T2. The outputs of the D-?ip-?ops 
are connected to a circuit which produces from the 
rising ?anks a short low pulse. In this manner, the tim 
ing pulses Vfl , Rfl and Vg ,L , R81 are generated. 
The modules 10 and 11 for desynchronization are 

connected to a further module 12 for the switchover of 
timing pulses, which in turn is connected to a sign-pulse 
multiplier VZ by conduit 19. The outputs V l , R l of 
the timing pulse switch 12 are connected to forward 
backward counter 13, whose output delivers the regu 
lating difference signal xdy. 
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In response to the sign-pulse multiplier VZ, a switch 
ing network performs a switchover according to a table 
given below and produces thus the signals V l , R l . 

TABLE 

V2 V1 Rl 

0 R81 A V/l Vgl A RM 
1 Rgl ARfl Vgl A Vfl 

VZ = l neg. sign. 
VZ = 0 pos. sign 

The input for forward counting of counter 13 is con 
nected to the signal V i , and the backward counting 
input is connected to the signal R l . The counting re 
sult ZE is in the form of a binary number. In order to 
evaluate this counting result, two conditions (a) and (b), 
which will be explained below, are to be distinguished. 
The following equation is always applicable: 

ZE=2PV1 —EPR 1 (Equation 7) 

At VZ=0 (positive sign), the following relationships 
apply: 

(Equation 8) 
ZE 0 = zPRgt + zPVft - zpVgt - ZPRfl 

= (2mg) - zpVgt) + (zPVfl - zPRfi) 

= (rm/f1 - EPR/l) - (Em/g1 - 21,1181) 

At VZ=l (negative sign), the following relationship 
applies: 

(Equation 9) 
V2 1 = EPRgl + ZPR/l — ZPVZl - ZPVfJ, 

= (EPRfi — ZPVfl) — (EPVEl — EPRgl) 

At this point, it is necessary to distinguish the afore 
mentioned two conditions: 
Case (a): 
If the leading axis is faster, then by combining Equa 

tions 8 and 9 with Equations 5 and 6, there results: 

From Equations 10 and 11, it is evident that in the 
counter 13 a pulse count corresponding to an approxi 
mate regulating difference having correct sign is ob 
tained. The following consideration will show how 
accurately the counting result corresponds to the real 
regulating difference. Without rounding-off errors in 
the two dividers, the desired or nominal value would be 
preset with the accuracy of :1 pulse. Assuming that 
each of the~two dividers produces a maximum round 
ing-off error of :1 (which in fact is smaller), then it 
follows that the nominal value is preset with an accu 
racy of i3 pulses. The actual value is generated with an 
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6 
accuracy of i1 pulse. Hence, the following equation 
applies: 

(ZEa—4)§Xdyp§(ZEa-l-4) (Equation A) 

From the Equation A it follows that in the case (a) the 
guided axis or track can be positioned by a digital regu 
later with an accuracy of i4 pulses. 

Case (b): 
If the guided axis is faster, then by combining Equa 

tions 8 and 9 with Equations 5 and 6, there results: 

From Equations 12 and 13 it is evident that in this 
case the counting result is not an approximate regulat 
ing difference. By a consideration similar to that in the 
preceding case (a), it will be found that: 

( EEb‘MPIJ”) - 4 iiwpi'l a) 2 xdyp .5 (Equation B) 

(TZEb'Mp-n +4\ Mp?) 
This means that in the case (b) the guided axis can be 
positioned only with an accuracy of $45411 pulses, 
wherein Mp1> l. 

_ .|_rn]=the largest integer ém 
['ni\=the smallest integer Em 
Since in case (b) the pulses of the guided axis are 

subdivided, the regulating path of the y-axis undergoes 
a change which has to be considered in the design of the 
regulator. The case (b) can be obviated when the pulses 
pertaining to the guiding axis are suitably multiplied 
when Mp1<l. Accordingly, the condition for the case 
(a) is created. 
As mentioned before, at the output 21 of the forward 

backward counter 13 a regulating difference xdy is 
delivered. A reverted signal Clear xdy is fed back to the 
clear input of the counter 13 via conduit 20. For the 
sake of completeness it will be also mentioned that via 
conduit 16 a Clear signal is applied to the dividers 6 and 
7, and the timing pulse generator 9 receives input clock 
pulses via conduit 18. 

In FIG. 2, arrow 22 indicates the range of leading or 
forward pulses and array 23 denotes the range of trail 
ing or backwards pulses. 
FIG. 3 illustrates by way of an example the applica 

tion of the device of this invention. In this embodiment, 
there are employed two D.C. drives M whose rotary 
movement is subject to linear regulation of this inven 
tion. For this purpose there are provided two incremen 
tal sensors 29, 30 which supply the regulating difference 
generator 28 with pulses Sr and Sy from which the regu 
lating difference is generated. The regulating difference 
generator 28 is supplied at its input 31 with a pulse 
multiplying signal M1] to produce from the above pulses 
5,, and Sy the counting result ZE in the manner as de 
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scribed in connection with the device of FIG. 1. The 
counting result ZE is applied to a digital position regu 
lator 27 which produces nominal value nmuy. These 
y-rotary speed desired or nominal values of y-rotary 
speed are then applied via a D/A-converter 26 to an 
analog y-rotary speed regulator 24. The desired x 
rotary speed values nsollx of the guiding axis are supplied 
directly to an analog x-rotary speed regulator 25, so that 
the nominal or desired x-rotar-y speed values nsoyx deter 
mine actual rotary speed of both direct-current electric 
drives or motors M. The counting results correspond to 
the aforedescribed equations 10-13. From FIG. 3 it is 
evident that each of the rotary speed regulators 24 and 
25 is provided with a tacho generator G. It will also be 
noted that control signals are applied to the regulating 
difference generator 28 via a conduit 32. 
The present invention is not limited to the aforedes 

cribed embodiments and may also ?nd a useful applica 
tion in other types of constructions differing from the 
types described above, according to the desired ?eld of 
application. In general, the invention is applicable in all 
constructions where a linear motion regulation between 
two axes is required, that is where a differential can be 
created. The ?elds of application of this invention are, 
for example, gear-cutting technology, grinding technol 
ogy, or gear measurement. Moreover, the invention is 
also applicable to motion regulation in measuring tech 
nology for providing correction values. The latter ap 

. plication is advantageous for example in the case where, 
'- for the measuring purposes, the axes are to be moved 
according to a linear function with such a high accu 
racy which cannot be achieved by conventional regu 

' lating means. By means of this invention it is possible to 
determine such a correction value which can be in 
cluded in the computation of the measured value. Fur= 
thermore, the invention is not limited to the regulation 

~ of two axes, but it is suitable also for regulating a greater 
number of axes in dependence on a master axis, or vice 
versa for regulating one axis in dependence on several 

» axes. 

FIG. 4 shows a block circuit diagram of another 
' embodiment of this invention, namely for a linear mo-: 
tion regulation of an axis in dependence on one to three 
axis. The overall circuit consists essentially of four simi= 
lar timing pulse multipliers 33 arranged side-by-side. 
For the sake of simplicity only one of these devices 33 
has been delimited by a dash-dot line. A summer 34 for 
generating the regulating difference has its inputs con 
nected to each of the timing pulse multipliers 31 and 
delivers at its output the regulating difference xdl. 
Each of the axes whose linear motion is to be regu 

lated (total of four axes in FIG. 4) cooperates with a 
non-illustrated incremental actual displacement sensor 
which delivers respectively two-phase timing pulses 
A1, B1, A2, B2, A3, B3, A4, B4. These pairs of phase 
shifted pulses are processed in digital recovery unit 35 
to remove any interferences. Similarly as in the example 
of FIG. 1, the digital recovery units 35-38 include shift 
registers and corresponding additional logic circuits; 
The digital recovery units 35-38 are supplied with re 
storing pulses T51, T32, T53 and T54. The restored 
timing pulses at the output of each of the units 35-38 are 
processed in units 39-42 into a leading or forward 
pulses V1 to V4 and into trailing or backward pulses R1 
to R4. For this purpose, switchover or blocking pulses 
PS1, PS2, PS3 and PS4 are applied to the control input of 
the switchover units 39. The resulting forward pulses 
V1 to V4 and backward pulses R1 to R4 are subsequently 
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8 
applied to the programmable dividers 43-46 or 47-50 
and are multiplied by pulse multipliers Mp1 to Mp4. The 
resulting subdivided timing pulses VM1 to VM4 and RM1 
to RM4 are applied to respective units or modules 51-54 
where the switchover of the sign of these pulses is per 
formed. 
The sign switchover is made as follows: 

sign pulse multiplier VZx=0 

VAX: VMX 

RAx=RMx 

sign pulse multiplier VZx= l: 

VAX=RMX 

RAX= VMX 

Hence, the pulses VAX, R4,, are the time pulses V,;, R; 
multiplied by M1”, and including sign information. The 
control inputs of sign switches 51-54 are supplied with 
sign multiplication signals VZ1 to VZ4. The program 
mable dividers 43-50 have their control inputs supplied 
with multiplying signals Mp1 and with clear signals CT1 
t0 CT4. 
The forward or leading pulses VA; to V44 and the 

backward or trailing pulses R,“ to R44 at the outputs of 
sign switches 51-54 are applied to the common summer 
34 where the sum or regulation difference is generated. 
The summer 34 includes the module 55 for desynchron 
ization and pulse generation, to which the outputs of all 
timing pulse multipliers are connected. The incoming 
timing pulses VAI to VA4 or R,“ to R44 are compared 
with eight phase-shifted clock pulses To to T7 and uni 
tied into forward pulses V and backward pulses R. The 
forward pulses V and the backward pulses R are sup 
plied to counting inputs of a forward-backward counter 
59, the latter being also provided with a loading input 63 
and a signal input 64 connected via a module 58 for an 
offset addition to a module‘ 56 for generating timing 
pulses. Reference numeral 57 indicates an input for 
control pulses for the clock pulse generator 56, and 
reference numerals 61 and 62 indicate, respectively, 
inputs for an offset signal and a load signal applied to 
the offset adder 58. The output of the counter 59 is 
connected to a storage unit 60. 

In counter 59, when disregarding the offset addition, 
the following sum is generated: 

s = i- ([MpliPVl] - [MP1ZPR1]) i (Equation 14) 

i ([MPZZPVZ] _ [MpZEPRZD 1- (Equation 14) 

i ([Mp32PV3] - [M,,32PR3]) i (Equation 14) 

i ([MP42PV4] - [Mp42PR4]) (Equation 14) 

In Equation 14 
PV(, PV2, PV3, PV4 are forward pulses for the four 

axes; 
PR1, PR2, PR3, PR4 are backward pulses for the four 

axes; 
[m] denotes the largest integer ém or the smallest 

interger 5m; and 
Mp1, Mp2, Mp3, Mp4 are pulse multipliers. 
The clock pulse generator 56 delivers 10 phase 

shifted consecutive pulses TQ-Tg and a regulating pulse 
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T4’ which in a subsequent digital regulator can serve as 
a scanning clock pulse. 
By means of the offset addition in module 58 it is 

made possible to add to the computation result of the 
counter an offset without losing pulses; in this manner a 
relative position regulation on the guided drive is per 
formed. The loading of the result of the addition is 
executed by the pulse T9. 
The device according to this embodiment of the in 

vention enables to regulate an axis in dependence on the 
three additional axes according to the equations: 

S1=M2S2 (Equation 15) 

S] =M2S2+M3S3 (Equation 16) 

S1=M2S2+M3S3+M4S4 (Equation 17) 

S2, S3 and S4 are displacements predetermined for the 
three additional axes. M2, M3 and M4 are real constants 
determined by the particular motion to be regulated. 

In counter 59 a regulating difference xdl according to 
Equation 14 is determined, whereby the pulse multiplier 
Mpxél is selected such that one of Equations l5, 16 or 
17 is ful?lled. This regulating difference x41 can be 
applied directly to a digital position regulator for the 
axis in question. 
While the invention has been illustrated and de 

scribed as embodied in speci?c examples of linear mo 
tion regulators, it is not intended to be limited to the 
details shown, since various modi?cations and struc 
tural changes may be made without departing in any 

' way from the spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can, 
by applying current knowledge, readily adapt it for 
various applications without omitting features that, 
from the standpoint of prior art, fairly constitute essen 
tial characteristics of the generic or speci?c aspects of 
this invention. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims. 
- I claim: 

,1. A device regulating linear motion of a driven com 
ponent part, particularly of a driven part of a machine 
tool moving along at least two correlated axes x and y 
of which one is a guiding axis and the other a guided 
axis, comprising 

at least two drive units for displacing the driven part 
along respective axes, one of said drive units being 
a master drive and the other a follower drive; 

displacement sensors coupled to said drive units for 
delivering timing signals corresponding to an ac 
tual displacement of said component part along 
said axes; 

a regulating difference generator including a counter 
coupled to said displacement sensors to determine 
from the timing signals a regulating difference sig 
nal from which a proper sign is determined; 
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a position regulator connected between said counter ‘ 
and said drive units to regulate the follower drive 
in response to motions of said master drive; 

said displacement sensors being incremental motion 
sensors coupled to respective axes and each deliv 
ering a pair of phase-shifted timing signals; means 
for digital restoration of said phase-shifted timing 
signals, said restoration means including a shift 
register for determining recovery time and logic 
circuits for eliminating interfering pulses whose 
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duration is smaller than the recovery time; a fast/s 
low pulse rate switching means having a control 
input for receiving a control signal, timing signal 
inputs connected via said restoring means to the 
displacement sensors, and outputs for delivering in 
response to the control signal fast or slow output 
signals; means for generating fast forward/back 
ward pulses connected to the fast outputs of said 
switching means; means for generating slow for 
ward/backward pulses connected to the slow out 
puts of said switching means; said switching means 
being controlled so that when a ratio Mp1 between 
the timing pulses of the guided and guiding axes is 
less than one the timing pulses of the guiding axis 
are applied to said means for generation of fast 
forward/backward pulses and the timing pulses of 
the guided axis are applied to said means for gener 
ating slow forward/backward pulses, and in the 
case of that ratio Mp1 between the timing pulses of 
the guided and guiding axis is greater than one, the 
timing pulses of the guiding axis are applied to said 
means for generating slow forward and backward 
pulses and the timing pulses of the guided axis are 
applied to said means for generating fast forward 
and backward pulses. 

2. A device as de?ned in claim 1, wherein said means 
for generating slow or fast forward/backward pulses 
include monostable multivibrators for splitting the pairs 
of phase-shifted timing signals into forward pulses VS, 
V1 and backward pulses RS, R1. 

3. A device as de?ned in claim 1, further comprising 
a switchover device for switching over said forward 
/backward pulses, said switchover device having two 
pairs of inputs, two pairs of outputs and a control input, 
said means for generating the slow forward/backward 
pulses having outputs directly connected to a pair of 
inputs of said switchover device, and said means for 
generating the fast forward/backward pulses being 
connected to the other pair of inputs of the switchover 
device via programmable dividers. 

4. A device as de?ned in claim 3, wherein said means 
for generating slow or fast forward/backward pulses 
include control inputs for receiving switching pulses 
which alternately suppress the generation of slow for 
ward/backward pulses while releasing the generation 
of fast forward/backward pulses and vice versa. 

5. A device as defined in claim 4, wherein the pro 
grammable dividers include cascaded digital modules 
each having an input for receiving a pulse multiplying 
signal Mp. 

6. A device as de?ned in claim 5, wherein said switch 
over device for switching over said forward/backward 
pulses includes a data selecting input connected to the 
control input of the fast/slow pulse rate switching 
means so that the control signal applied to the control 
input switches over the timing pulses VSM, RSM from the 
outputs of the programmable dividers, and the timing 
pulses V1, R] from the output of the means for generat 
ing the slow forward/backward pulses are switched 
over in such a manner that the timing pulses of the 
guiding axis are fed to the outputs Vf, Rfand the timing 
pulses of the guided axis are fed to the outputs Vg, R8 of 
the switchover device. 

7. A device as de?ned in claim 6, further comprising 
two desynchronizing circuits each having two inputs, 
two outputs and a control input, the inputs of one 
desynchronizing circuit being connected to the Vf, Rf 
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outputs of the switchover device and the inputs of the 
other desynchronizing circuit being connected to the 
V3, Rg outputs of the switchover device; and a clock 
pulse generator having outputs connected to respective 
control inputs of said desynchronizing circuits. 

8. A device as de?ned in claim 7, wherein said desyn 
chronizing circuits include D-flip-?ops controlled by 
the ?anks of phase-shifted clock pulses T1, T2 from the 
outputs of said clock pulse generator. 

9. A device regulating linear motion of a driven com 
ponent part, particularly of a driven part of a machine 
tool moving along at least two correlated axes x and y 
of which one is a guiding axis and the other a guided 
axis, comprising 

at least two drive units for displacing the driven part 
along respective axes, one of said drive units being 
a master drive and the other a follower drive; 

displacement sensors coupled to said drive units for 
delivering timing signals corresponding to an ac 
tual displacement of said component parts along 
said axes; 

a regulating difference generator including a counter 
coupled to said displacement sensors to determine 

15 

from the timing signals a regulating difference sig- _ 
nal from which a proper sign is determined; 

a position regulator connected between said counter 
and said drive units to regulate the follower drive 
in response to motions of said master drive; 

said displacement sensors being incremental motion 
sensors coupled to respective axes and each deliv 
ering a pair of phase-shifted timing signals; means 
for digital restoration of said phase-shifted timing 
signals, said restoration means including a shift 
register for determining recovery time and logic 
circuits for eliminating interfering pulses whose 
duration is smaller than the recovery time; 

a fast/slow pulse rate switching means having a con 
trol input for receiving a control signal, timing 
signal inputs connected via said restoring means to 
the displacement sensors and outputs for delivering 
in response to the control signal fast or slow output 
signals; means for generating fast forward/back 
ward pulses connected to the fast outputs of said 
switching means; means for generating slow for 
ward/backward pulses connected to the slow out 
puts of said switching means; said switching means 
being controlled so that when a ratio Mp1 between 
the timing pulses of the guided and guiding axes is 
less than one the timing pulses of the guiding axis 
are applied to said means for generating fast for 
ward/backward pulses and the timing pulses of the 
guided axis are applied to said means for generating 
slow forward/backward pulses, and in the case of 
that ratio Mp] between the timing pulses of the 
guided and ‘guiding axes is greater than one, the 
timing pulses of the guiding axis are applied to said 
means for generating slow forward and backward 
pulses and the timing pulses of the guided axis are 
applied to said means for generating fast forward ' 
and backward pulses; 

said means for generating slow or fast forward/back 
ward pulses including monostable multivibrators 
for splitting said pairs of phase-shifted timing sig 
nals into forward pulses VS, V1 and backward 
pulses R_,, R1; 

a switchover device for switching over said forward 
/backward pulses, said switchover device having 
two pairs of inputs, two pairs of outputs and a 
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control input; said means for generating the slow 
forward/backward pulses having outputs directly 
connected to a pair of inputs of said switchover 
device; said means for generating the fast forward 
/backward pulses being connected to the other pair 
of inputs of the switchover device via programma 
ble dividers; 

said means for generating slow or fast forward/back 
ward pulses including control inputs for receiving 
switching pulses which alternately suppress the 
generation of slow forward/backward pulses while 
releasing the generation of fast forward/backward 
pulses and vice versa; 

the programmable dividers including cascaded digital 
modules each having an input for receiving a pulse 
multiplying signal Mp; 

said switchover device for switching over said for 
ward/backward pulses including a data selecting 
input connected to the control input of the fast/s 
low pulse rate switching means so that the control 
signal applied to the control input switches over 
the timing pulses VSM, RXM from the outputs of the 
programmable dividers, and the timing pulses V1, 
R1 from the output of the means for generating the 
slow forward/backward pulses are switched over 
in such a manner that the timing pulses of the guid 
ing axis are fed to the outputs Vf; Rfand the timing 
pulses of the guided axis are fed to the outputs Vg, 
Rg of the switchover device; 

two desynchronizing circuits each having two inputs, 
two outputs and a control input, the inputs of one 
desynchronizing circuit being connected to the Vf, 
Rfoutputs of the switchover device and the inputs 
of the other desynchronizing circuit being con 
nected to the V3, Rg outputs of the switchover 
device; and a clock pulse generator having outputs 
connected to respective control inputs of said 
desynchronizing circuits; 

said desynchronizing circuits including D-flip-?ops 
controlled by the ?anks of phase-shifted clock 
pulses from the outputs of said clock pulse genera 
tor; 

a timing pulse switching circuit having two pairs of 
inputs each connected to an assigned pair of out 
puts of respective desynchronization circuits, a 
control input connected to assigned pulse multi 
plier, and two outputs for delivering forward and 
backward timing pulses; and said counter being a 
forward/backward counter having its inputs con 
nected to the outputs of said timing pulse switching 
circuit. 

10. A device regulating linear motion of a driven 
component part, particularly of a driven part of a ma 
chine tool moving along at least two correlated axes x 
and y of which one is a guiding axis and the other a 
guided axis, comprising 

at least two drive units for displacing the driven part 
along respective axes, one of said drive units being 
a master drive and the other a follower drive; 

displacement sensors coupled to said drive units for 
delivering timing signals corresponding to an ac 
tual displacement of said component part along 
said axes; 

a regulating difference generator including a counter 
coupled to said displacement sensors to determine 
from the timing signals a regulating difference sig 
nal from which a proper sign is determined; 
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a position regulator connected between said counter 
and said drive units to regulate the follower drive 
in response to motions of said master drive; 

said displacement sensors are incremental displace 
ment sensors delivering phase-shifted timing pulses 
to said regulating difference generator, said regu 
lating difference generator having a ?rst control 
input connected to a pulse multiplier and a second 
control input connected to control signals, and the 
output of the regulating difference generator being 
connected to said position regulator which gener 
ates a digital y-axis regulating signal nsglly, said 
drive units being rotary drives rotating respec 
tively about said axes x and y, the y-axis regulating 
signal from the output of a digital position regula 
tor being applied via a D/A converter and an ana 
log y-rotary speed regulator to a follower drive 
unit rotating about the y-axis whereby a desired 
rotary speed value for the x-axis is directly applied 
via an analog x-rotary speed regulator to the mas 
ter drive unit rotating about the x-axis and being 
coupled via the second incremental displacement 
sensor to said regulating difference generator. 

11. A device regulating linear motion of a driven 
component part, particularly of a driven part of a ma 
chine tool moving along at least two correlated axes x 
and y of which one is a guiding axis and the other a 
guided axis, comprising a master drive unit and a plural 
ity of follower drive units, each drive unit cooperating 
with an actual displacement sensor each delivering a 

‘ pair of phase-shifted timing pulses de?ning the actual 
displacement of said component part along or about the 
assigned axes; 
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a common regulating difference generator including 

a counter coupled to said actual displacement sen 
sors to determine from the timing signals a regulat 
ing difference signal from which a proper sign is 
determined; 

a position regulator connected between said counter 
and said drive units to regulate the follower drive 
units in response to motions of said master drive 
unit; a plurality of timing pulse multipliers con 
nected to assigned actual displacement sensors, 
each timing pulse multiplier including a digital 
recovery unit, a switchover unit, a pair of gro 
grammable dividers and a pulse sign switch for 
separating said timing pulses into forward and 
backward pulses and for multiplying the separated 
pulses by factors Mp1 through MM which upon 
switching over in the pulse sign switch are deliv 
ered to said common regulating difference genera 
tor, said regulating difference generator having the 
form of a summer connected to respective timing 
pulse multipliers for delivering at an output of the 
summer the regulating difference signal. 

12. A device as de?ned in claim 11, wherein said 
summer includes a desynchronizing unit connected to 
the output of each timing pulse multiplier and having a 
control input connected to a timing pulse generator to 
produce from the input signals forward and backward 
timing pulses V and R, a forward/backward counter 
connected to the output of the desynchronizing unit to 
produce at its output a regulating difference signal xdl 
to be applied to said position regulator, said summer 
further including an offset adder controlled by said 
timing pulse generator and being connected to control 
inputs of said counter to form an offset adding signal. 

* * * * * 


